Preparation of [Zr6O4(OH)4(NDC)6] (ZRN-fcu). ZRN-fcu was prepared via the same procedure as
ZRN-bcu using ZrOCl2·8H2O and H2NDC at a 1:1 mole ratio in the presence of HTFA. ZrOCl2·8H2O (96.7 mg, 0.300 mmol) was added to 5 mL of DMF containing H2NDC (62.8 mg, 0.300 mmol) while stirring the solution. After addition of HTFA (0.1 mL), the solution was kept in an oven at 120 C for 7 d to produce crystalline ZRN-fcu.
Preparation of hybrid 12-c fcu Zr MOFs containing both NDC and BDC via one-pot solvothermal reaction.
[Zr6O4(OH)4(NDC)6-x(BDC)x] (ZRNB-H9:1) was synthesized using H2NDC and H2BDC as the dicarboxylate linkers at a 9:1 mole ratio. ZrCl4 (0.0583 g, 0.25 mmol) was dissolved in 8 mL of DMF, and 2 mL of HAc was added to the solution. H2NDC (0.121g, 0.54 mmol) and H2BDC (0.01g, 0.06 mmol) were dissolved in 10 mL of DMF. The two solutions were mixed slowly in a 30-mL vial, which was then heated to 120 C for 7 h. The white crystalline powder obtained was washed with DMF and acetone. The other hybrid Zr MOFs, ZRNB-H8:2, ZRNB-H7:3, ZRNB-H6:4, ZRNB-H5:5, ZRNB-H4:6, and ZRNB-H3:7, were synthesized similarly employing H2NDC:H2BDC mole ratios of 8:2, 7:3, 6:4, 5:5, 4:6, and 3:7, respectively. Preparation of Zr MOFs containing both NDC and BDC via post-synthetic linker insertion.
Synthesis of [Zr6O4(OH)4(NDC)4(DOBDC)(H2O)7](DOBDC) (ZRN-DOB). Approximately 70 mg of
ZRN-bcu single crystals was soaked in 10 mL of DMF, which was refreshed 5 times during soaking for 1 d. After repeating the same soaking procedure using MeOH, the crystals were added to a 5 mL 0.06 M MeOH solution of H2DOBDC, and the solution was kept under ambient conditions for 2 d.
Subsequently, the crystals were further soaked in 10 mL of fresh MeOH, which was refreshed 5 times in 1 d to remove the H2DOBDC ligand remaining in the solvent pore. ZRN-DOB crystals suitable for single-crystal X-ray diffraction were collected. ZRN-DOB-amb was obtained by exposing ZRN-DOB to ambient conditions. Activated ZRN-DOB-a was obtained by heating ZRN-DOB-amb at 120 C 
II. Crystallographic data collection and structural refinement
Single crystals of ZRN-bcu, ZRN-w, ZRN-DOB, ZRN-NB, ZRN-NB-amb, and ZRN-AB were coated with paratone-N oil, and diffraction data were measured at either 250 or 298 K with synchrotron radiation using the ADSC Quantum 210 CCD detector with a silicon (111) double-crystal monochromator at the 2D SMC beamline of the Pohang Accelerator Laboratory, Korea. The ADSC Q210 ADX software S2 was used for data collection and HKL3000sm (version 703r) S3 for cell refinement, reduction, and absorption correction. All crystal structures were solved by direct method and refined by full-matrix least-squares calculation using the SHELXS and SHELXL programs, respectively, of the at Wyckoff 16n site of .m. symmetry) were observed as an asymmetric unit. All non-hydrogen atoms were refined anisotropically. The hydrogen atoms of NDC were assigned an isotropic displacement coefficient of U(H) = 1.2U (C), and their coordinates were allowed to ride on their respective atoms.
Least-squares refinement of the structural model was performed under geometry and displacement were observed as an asymmetric unit. The nitro oxygen atoms of NBDC could not be identified in the difference Fourier map and were not included in the structural model. All non-hydrogen atoms were refined anisotropically. The hydrogen atoms of NDC were assigned an isotropic displacement coefficient of U(H) = 1.2U (C), and their coordinates were allowed to ride on their respective atoms.
Least-squares refinement of the structural model was performed under geometry and displacement parameter restraints, such as DFIX, DANG, ISOR, SIMU, and DELU, with the hydrogen atoms of the Powder X-ray diffraction of ZRN-a
The activated ZRN-a for the PXRD measurement was also obtained via the following procedure. Assynthesized ZRN-bcu crystals wetted by DMF were ground on a mortar and washed with fresh acetone thrice. The ground crystalline powder sample wetted by acetone was transferred to a glass capillary with an inner diameter of 0.5 mm and activated under vacuum at room temperature. The temperature was then slowly raised to 393 K and kept for 1 h. After cooling down to 298 K, the sample was kept for an additional hour under vacuum. The activated sample in the capillary was kept under N2 at 1 bar during diffraction data collection.
The PXRD data of ZRN-a were collected with synchrotron radiation (λ = 0.90008 Å) using the ADSC Quantum 210 CCD detector at a 100-mm distance with a silicon (111) Single-crystal structure analysis shows that ZRN-w is isoreticular to ZRN-bcu ( Figures S2 and S7 .
However, the tetragonal crystal system of ZRN-bcu is distorted to the orthorhombic one of ZRN-w with reduced solvent pore volume. This distortion is mediated by lattice water molecules that are strongly hydrogen bonded to Zr clusters along the a-axis ( Figure S8 ). The intercluster distance along this direction decreases significantly from 17.445(3) to 11.677(2) Å. During the transformation from ZRNbcu to ZRN-w, NDC 2 rotates by ~180° to relieve steric repulsion from neighboring ligands caused by the contraction along a-axis ( Figure S9 ).
To investigate the thermal stability of ZRN-w, a variable temperature PXRD experiment was performed under N2 atmosphere. While there are no significant changes in the PXRD pattern of ZRN-w below 60 °C, a new set of diffraction peaks appears at 70 °C. Above 80 °C, the ZRN-w PXRD pattern completely disappears and only the new set is present. The new state corresponds to activated ZRN-w (ZRN-a), which is stable up to 250 °C and starts to lose its crystallinity at 300 °C ( Figure S10 ).
Interestingly, once ZRN-a is formed at high temperatures, it remains stable in dry air even at 300 °C.
However, it is immediately converted back to ZRN-w upon exposure to ambient conditions ( Figure   S11 ).
Ab initio PXRD structure determination of ZRN-a and Rietveld refinement of the structural model ( Figure S12) show the complete removal of all water molecules, that is, those ligated to the Zr sites and the water molecules hydrogen bonded to them. The TFA counter anions are ligated to the Zr sites via both intra-and intercluster bridging modes to form a network with 10-c bct topology ( Figure S13 ). The permanent porosity of ZRN-a is confirmed by N2 adsorption at 77 K ( Figure S14 ). Its specific pore volume, estimated from an N2 uptake amount of 218 cm 3 /g at 0.99 P/P0, is 0.34 cm 3 /g, which agrees well with the one calculated from the single-crystal structure, 0.33 cm 3 /g. Its Brunauer-Emmett-Teller (BET) surface area is 861 m 2 /g. Tables   Table S1 . Crystal data and structure refinement for ZRN-bcu. Table S2 . Crystal data and structure refinement for ZRN-w. V. Supplementary Figures   Fig. S1 Synthetic conditions for ZRN-bcu and ZRN-fcu. 
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